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WINTER- SOLUBLE STEROL DERIVATIVE FOR INHIBITING CHOLESTEROL 
ABSORPTION AND PROCESS FOR PREPARING THE SAME 

BACKGROUND QF THE INVENTION 
Field of the Invention 

The present invention relates to water-soluble sterol 
derivatives for inhibiting cholesterol absorption and 
process for preparing the same. 

. pescylption Qf the ?x:iQr Art. 

It has been, well known that cholesterol, when taken 
excessively, may cause cardiovascular disease. Without a 
low cholesterol diet, it is difficult to reduce the risk of 
cardiovascular disease resulting from high cholesterol 
consumption. While medicines have been developed for 
hyperlipidemia, they have side effects such as hepatic 
disorders resulting from inhibition of cholesterol 
synthesizing enzyme, thereby limiting their use as means 
for reducing serum cholesterol levels in human. 

Numerous materials have been reported as having the 
effect of lowering serum cholesterol levels in animal 
bodies. For instance, chitosan, phytosterol, inositol and 
pectin have been used for the purpose of reducing serum 
cholesterol levels. Of these materials, phytosterols, 
which originate from plants, are believed to lower serum 
cholesterol levels, particularly LDL-cholesterol levels, by 
inhibiting absorption of cholesterol in the intestine 
through competition with cholesterol. It is believed that 
phytosterols do not significantly affect the biosynthesis 
of cholesterol or have significant side effects. 

Phytosterols are steroid alcohols found in higher 
plant and include stigmasterol, spinasterol, campesterol 
and sitosterol, which has a, p and y-types. Among various 
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phytosterols, the cholesterol lowering effect of P - 
sitosterol (24-ethyl-5a-cholestene-3p-ol) has been 

demonstrated in animal studies, as well as in clinical 
tests(SL££: Sugano, M. et al., J. Wutr. , 107:2011-2019, 
1977) . P -sitosterol ester compounds generated from a 
substitution of fatty acid have also been reported as 
having a cholesterol lowering effect similar to that of P - 
sitosterol (SS^: Mattson, F. H. et al., J. Nutr., 107:1139- 
1146, 1977), For example,, when 2 grams of p -sitosteryl 
oleate were dosed to adult humans for 5 days, cholesterol 
absorption was reduced by about 33% (s^: Mattson, F. H. et 
al.. Am. J. Clin. Nutr., 35:697-700, 1982). In addition to 
cholesterol lowering effect, P -sitosterol is known to be 
the major component of Zea mays L. which is used for 
treating gingivitis and alveolitis. 

Despite their cholesterol-lowering effect, 
phytosterols have not been in wide use, since phytosterols 
are not soluble in water or in oil, their use as food 
additives for reducing serum cholesterol limiting levels/' 
That is, due to their hydrophobic and lipophobic properties, 
phytosterols have been formulated primarily in tablet or 
capsule form. 

In the past, various phytosterol compounds that are 
soluble in oil have been developed in the art(£^: U.S. 
Patent No. 5,502,045; Hartman, L. Chem. Rev., 58:845-864, 
1958; Mattson, F. H. et al., J. Lipid Res., 5:374-377, 
1964; and- Korean Patent laid-open publication No. 99-74136). 
While these compounds are soluble in oil, they are 
insoluble in water and are not thus suitable for use as 
cholesterol-lowering additives for water-based food 
products. 

On the other hand, polyoxyethylene phytostanol ether 
compounds have been used as an emulsifier for 
cosmetics (s^: U.S. Patent Nos. 5, 846,458, 5, 593,622 and 
5,676,971). Among these compounds, phytosterols are 
coupled .to polyethylene glycols (PEGs) by relatively 
permanent ether bonds. As a result, while the compounds 
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are soluble in water, owing to their ether bonds, 
phytosterol moieties may not become released from PEGs when 
administered in the body. As a result, these compounds 
have been used primarily for cosmetic applications, 
particularly for skin and hair care products, but still not 
for food additives. 

U.S. Patent No. 5,932,562 discloses compositions for 
water-based . food additives for reducing cholesterol 
absorption. The compositions include an aqueous based 
micellar mix which is dried to provide a mixture of finely 
divided plant sterol and lecithin. Because the mixture is 
in micellar form, its use as food additives is believed to 
be significantly restricted. 

U.S. Patent No. 5,880,131 discloses a compound having 
taxols • coupled to polyethylene glycols with a molecular 
weight ranging from 20,000 to 80,000 for the purpose of 
making water soluble taxol derivatives. While the 
resulting compound is soluble in water, it is not suitable 
for use as cholesterol-reducing food additives. 

Therefore, there are strong reasons for exploring and 
developing' water-soluble sterol derivatives for wide and 
convenient use as cholesterol-reducing food additives 
and/or supplements.- 

SUMMARY OF THE INVENTION 

The present inventors have made an effort to solve 
the' said problems, and prepared novel water-soluble sterol 
derivatives for inhibiting intestinal cholesterol 
absorption by reacting phytosterol with succinic anhydride 
or glutaric anhydride to obtain intermediate compounds, and 
coupling the intermediate compounds with hydrophilic 
polymer to prepare the water-soluble sterol derivatives, 
thereby phytosterol moieties can be released from the 
hydrophilic polymer in the intestine. 
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A primary object of the present invention is, 
therefore, to provide water-soluble sterol derivatives for 
inhibiting intestinal cholesterol absorption. 

The other object of the invention is to provide a 
process for preparing the water-soluble sterol derivatives 
by reacting phytosterol with succinic anhydride or glutaric 
anhydride, and coupling with hydrophilic polymer. 

PRIEF DESCRIPTION OF THE DRAWINGS 

The above and the other objects and features of the 
present invention will become apparent from the following 
descriptions given in conjunction with the accompanying 
drawings, in which: 

Figure 1 is a reaction scheme for the intermediate 
compound of the present invention. 

Figure 2 is ^H-NMR spectrum of phytosterol derivative 
prepared by the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides water-soluble sterol 
derivatives for inhibiting intestinal cholesterol 
absorption. In particular, the sterol derivatives have 
phytosterols coupled to hydrophilic polymers by chemical 
bonds that can be hydrolyzed by enzymes in the intestine 
when the phytosterol derivatives are orally administered in 
animals. In other words, the chemical bonds between the 
phytosterols and the hydrophilic polymers are biodegradable 
in the intestine by enzymes present therein such that 
phytosterol moieties can be released from hydrophilic 
polymer moieties for inhibiting intestinal absorption of 
cholesterol. While various types of chemical bonds are 
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usable for the phytosterol derivatives of the present 
invention, ester and/or amide bonds are preferably employed. 

The chemical nature of the phytosterol derivatives of 
the present invention ts illustrated and described 
hereinbelow. 

Various types and forms of phytosterol, including 
phytostanols, may be used for the phytosterol derivatives 
of the present invention. Accordingly, in describing the 
water-soluble sterol derivative of the invention, the term 
'"phytosterols" is employed to mean all types', forms and/or 
mixtures of phytosterols and phytostanols such as 
stigma sterol, spina sterol, campesterol, sitosterol, 
sitostanol and campestanol; and, the term ''hydrophilic 
polymers'' is employed to mean water-soluble carriers that 
can bond with the intermediate compounds by chemical bonds 
capable of being hydrolyzed (i . e . , biodegradable) by enzymes 
in the intestine when the resultant compounds are orally 
administered in animals, such as polyethylene glycol (PEG), 
xanthan gum, guar gum, sodium alginate, dextrin, 
oligosaccharide, chitosan and carboxymethylcellulose (CMC) . 
In this regard, the hydrophilic polymers are provided for 
illustration purposes only and are not meant to limit the 
scope of the present invention. Accordingly, while any of 
the foregoing hydrophilic polymers can be used, PEGs having 
an average . molecular weight ranging from 500 to 4, 000, 
preferably from 1,000 to 3,000, and more preferably from 
1,000 to 2,000 are suitable for use as hydrophilic polymers. 

The process for preparing the phytosterol derivatives 
of the present invention comprises the steps of: obtaining 
intermediate compounds by reacting phytosterols and 
succinic or glutaric anhydride in a non-polar solvent in 
the presence of a basic catalyst; and, coupling the 
intermediate compounds with hydrophilic polymers in a non- 
polar organic solvent in the presence of a basic catalyst 
and a coupling agent. 
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The process for preparing the water-soluble 
phytosterol derivatives of the present invention is 
described in more detail by the following steps. 

Step 1 : ■ Preparation of Intermediate Compounds (I) 

Phytosterol and succinic or glutaric anhydride are 
dissolved in a non-polar solvent in a molar ratio of 1:1.0 
to 1:1.5 and more preferably 1:1.3, a basic catalyst is 
subsequently added, and heated to a temperature preferably 
ranging from 40 to ISO'C and more preferably to the boiling 
temperature of the non-polar organic solvent preferably for 
2 to 20 hours and more preferably for 4 to 9 hours. While 
toluene, methylene chloride, dichloroethane, 

tetrahydrof uran, benzene and diethylether are preferably 
. employed as the non-polar organic solvent, other non-polar 
solvents may be used; and, 4-dimethylaminopyridine ( DMA? ) , 
pyridine and trrethylamine may be used as the basic 
catalyst. After the starting materials disappear in TLC, 
the non-polar solvent is evaporated from the reaction 
mixture to give a solid residue. The solid residue is re- 
dissolved in methylene chloride or dichloroethane, washed 
with distilled water to extract impurities, dried over 
anhydrous MgSO^, filtered, and cooled to about 4lC for 
about 12 hours so as to crystalize unreacted succinic or 
glutaric anhydride. After removing the crystalized 
succinic or glutaric anhydride by filtration, the solvent 
of the filtrate is then evaporated, to obtain intermediate 
compounds (I ) (s^: Figure 1). 

Step 2 : Preparation of Water-Soluble Phytosterol 
Derivatives 

The intermediate compounds (I) obtained in Step 1 and 
a hydrophilic polymer such as PEG, are dissolved in a non- 
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polar organic solvent in the presence of basic catalyst in 
a molar ratio ranging from 1:1 to 2:1. To the reaction 
mixture,, a coupling agent are added, stirred at room 
temperature for about 5 to 15 hours, then filtered to 
remove byproduct. In this step, the non-polar organic 
solvent and basic catalyst used in Step I may be employed, 
and 1, 3-dicyclohexylcarbodiimide (DCC) , . 1-3-diiso- 

propylcarbodiimide (DIPC) , l-ethyl-3- (3 " -dimethylamino- 

propyl) -carbodiimide, oxalyl chloride, carbonyl diimidazole, 
2-chloropyridium, 2 , 2 * -dipyridyl disulfide and 2-imida2oyl 
disulfide are preferably used as the coupling agent. The 
filtrate thus obtained is then precipitated in n-hexane, 
filtered and washed with n-hexane. Finally, water-soluble 
phytosterol derivatives are prepared by vacuum-drying the 
filtrate. The chemical structure of the phytosterol 
derivatives of the present invention is represented as 
followings: 



Phytosterol 



^ 0 {ID 

II II \X± J 

0 - C - (CH2)^~ C ~ 0 4 - 0 f^R 



wherein, 

n is an integer ranging from 22 to 90; and, 
R is selected from the group consisting of -H, 



-CH3 and 



0 

II 



o 
II 



-C - (CH2 - C - 0 - Phytosterol 



(wherein, m is 2 or 3) . 



The cholesterol lowering effect of the phytosterol 
derivatives of the present invention was investigated by 
employing experimental animals. The study demonstrated 
that the phytosterol derivatives have a cholesterol- 
absorption inhibiting effect as will be discribed in 
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greater detail in Examples. A study undertaken to 
investigate the solubility of the phytosterol derivatives 
also demonstrated that the phytosterol derivatives are 
soluble in water. 

Accordingly, the phytosterol derivatives of the 
present invention may be incorporated directly in water- 
based foodstuff s (e.g. , beverages) in any conventional 
manner . 

The present invention is further illustrated in the 
following examples, which should not be taken to limit the 
scope of the invention. 

Example 1 : Preparation of Intermediate Compounds 
Example 1-1 

lOg of P -sitosterol and 55. 2g of succinic 
anhydride (1 : 1. 15 in a molar ratio) are dissolved in t'oluene 
in a round-bottomed flask with reflux tube and dean-stark. 
To the reaction mixture was added 2.4g of DMAP, then 
refluxed for 6 hours. After confirming the completion of 
the reaction with thin layer chromatography (TLC) , the 
solvent was evaporated from the reaction mixture. The 
remaining solid residue was dissolved in methylene chloride 
and washed with distilled water. The methylene chloride 
layer was then kept under refrigeration at 4*0 for 14 hours 
so as to crystalize unreacted succinic anhydride. After 
removing the crystalized succinic anhydride by filtration, 
the filtrate was evaporated, and obtained an intermediate 
compound (I, m=2) . The yield of the intermediate compound 
was 70%. 
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The intermediate compound were prepared in an 
5 analogous manner as in Example 1-1 except for using P - 
sitosterol and succinic anhydride in a molar ratio of 
1:1.20 and refluxing for 4 hours. The yield of the 
intermediate compound (I, m=2) was 73%. 

10 E;?^ample 1-3 

lOg of p -sitosterol and 65. 7g of glutaric anhydride 
(1:1.15 in a molar ratio) were dissolved in toluene in a 
round-bottomed flask with reflux tube and dean-stark. To 

15 the reaction mixture was added 2.4g of DMAP, then refluxed 
for 10 hours. After confirming the completion of the 
reaction with thin layer chromatography (TLC) , the solvent 
was evaporated from the reaction mixture. The remaining 
solid residue was -dissolved in methylene chloride and was 

20 washed with distilled water. The organic layer was then 
left to stand at 4"C for 14 hours so as to crystalize 
unreacted glutaric anhydride. After removing the 

crystalized glutaric anhydride by filtration, the filtrate 
was evaporated to give an intermediate compound (I, m=3) . 

25 The yield of the intermediate compound was 62%. 

Example 2 : Preparation of Water-Soluble Phytosterol 
Derivative 

30 5g of PEG having a molecular weight of 2^000, 0.85g 

of DCC and 0.09g of DMAP were dissolved in a small amount 
of methylene chloride at room temperature. 1.93g(1.5 times 
the moles of PEG) of the intermediate compound (I, m=2) 
obtained in Example 1-1 was pre-dissolved in methylene 

35 chloride and was then added in a dropwise at 30^0 to the 
PEG/DCC/DMAP mixture. After 14 hours of stirring at 30 "C, 
the mixture was filtered to remove dicyclohexylurea . The 
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filtrate was then precipitated in n-hexane, filtered and 
washed with n-hexane. 3.7g of water-soluble P -sitosterol 
derivative was given after vacuum drying the filtrate. 

The structure of the P -sitosterol derivatives was 
confirmed by ^H-NMR in "CDCla^ whose spectrum is disclosed 
in Figure 2. The ^H-NMR spectrum confirmed that P - 
sitosterol was coupled to PEG by an ester bond. The degree 
of substitution (DS) of the P -sitosterol derivatives, which 
is defined as the average .molar number of sterol moieties 
per one molecule of phytosterol derivatives, was determined 
to be about 1.09, based on the ^H-NMR spectrum and the 
following equation: 

DS = n*c/(a+b) 

wherein, 

n is the degree of polymerization of PEG; and, 
a, b and c are the integrations of the peaks 

assigned in Figure 2. 

Example 3 : Optimization of Reaction Conditions 
Example 3-1: 

To determine the effect of the molecular weight of 
PEG on the degree of substitution, various phytosterol 
derivatives were prepared by employing PEGs having 
different molecular weights under the reaction conditions 
described in Example 2. The degree of substitution of the 
phytosterol derivatives ( II ) was measured in an analogous 
manner as in Example 2, whose results are summarized in 
Table 1 below. 
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Molecular 
Weight of 
PEG - 


Quantity 
of PEG(g) 


Intermediate 

Compound 
(Molar Ratio) 


Reaction 
Time 
(hrs) 


Degree of 
Substitution 


1,000 


5 


1 : 1.2 


10 


1.02 


1,500 


5 


1 : 1.2 


12 


1.05 


2,000 


5 


1 : 1.5 


14 


1.09 


4,000 


5 


1 : 1.2 


14 


1.08 



As clearly demonstrated in Table 1, ■ the molecular 
5 weight of PEG does not have a significant effect on the 
degree of substitution of the phytosterol derivatives of 
the present invention- 

Example 3-2: 

10 

The solubility of the phytosterol derivatives of the • 
present invention was measured by dissolving various 
samples in water and leaving to stand the mixture for 2 
days at different temperatures, whose results are shown in 
15 Table 2 below. 



20 



25 
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Table 2: 



Molecular 
Weight of 
PEG 


Degree of 
Substitution 


Temperature 


Maximum Concentration 
(wt%) 


Basis of 
Phytosterol 
Derivatives 


Basis of 
- Sterol - 
Moiety (g) 


1 nnn 




35 


10.0 


3.4 


1,000 


1.02 


RT* 


8 . 0 


2 . 7 


1,000 


1.02 


4 


8 0 


7 7 


1, 500 


1 .05 


35 


J. VJ ■ V 


9 1 


1,500 


1.05 


RT* 


8.0 


2 . 2 


1,500 


1.05 


4 


a.o ■ 


2.2 


2,000 


1.09 


35 


13.2 


3.0 


2,000 


1.09 


RT* 


10.0 


2.2 


2,000 


1.09 


4 


10.0 


2.2 


4,000 


1.08 


35 


14.0 


1.8 


4,000 


1.08 


RT* 


14 .0 


1.8 


4,000 


1.08 


4 


14 .0 


1.8 



RT(room temperature) 



5 As clearly demonstrated in Table 2, the phytosterol 

derivatives prepared with PEG having a molecular weight 
1,000, 1,500, 2,000 and 4, 000 (hereinafter referred to 
as ''phytosterol derivatives of 1, 000, 1, 500, 2, 000 and 
4,000 PEG", respectively) are soluble in water. While the 

10 phytosterol derivatives of 4,000 PEG is more soluble in 
water than the phytosterol derivatives of 1,000, 1,500 and 
2,000 PEG on the basis of weight concentration of 
phytosterol derivatives, the phytosterol derivatives of 
1,000, 1,500 and 2,000 PEG are more soluble in water than 

15 the phytosterol derivatives of 4, 000 PEG on the basis of 
sterol moiety. 



20 
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Example 3-3: 

PEG having a molecular weight of 2,000 was reacted 
with the intermediate compound obtained in Example 1-1 
5 under the reaction conditions analogous* to those described 
in Example 2 with the exception of the quantity of PEG. 
Phytosterol derivatives with variable degrees of 
substitution were prepared in large-scale, whose results 
are shown in Table 3 below. As clearly demonstrated in 
10 Table 3, the scale of phytosterol derivative 
production (i . e . , the amount of PEG) is not believed to have 
a significant effect on the degree of substitution (DS) of 
phytosterol derivatives. 

15 Table 3: 



Phytosterol 
Deriyatiye 
Samples 


Quantity 
of PEG 

(g) 


PEG to 
Intermediate 

Compound 
(Molar ratio) 


Reaction 
Time 
(hrs) 


DS* 


Quantity of 
Phytosterol 
Derivatives 
(g) - 


Yield** 

(%) 


1 


30 


1 : 1.5 


14 


1.09 


24 .4 


63.4 


2 


30 


* 1 : 1.5 


14 


0.98 


28 .2 


75. 1 


3 


100 


1 : 1.5 


18 


0.92 


86.2 


69.7 


4 


100 


1 : 1.5 


23 


1.33 


86.7 


64.6 



*: DS, degree of substitution 
**: Yield(%), moles of phytosterol derivatives/moles of PEG 



X 100(%) 

20 

Example 4 : Solubility of Phytosterol Derivatives Depending 
on Temperature 

Since the phytosterol derivatives of the present 
25 invention are suitable for use in "'cold" beverages, which 
are stored under refrigeration, their solubility depending 
on temperature was studied. More particularly, the 
solubility of Samples 4 of Table 3 above in water was 
measured under the temperatures indicated in Table 4 below. 
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The solubility in water at 4°C was measured to be higher 
than 1.0 wt% based on the amount of sterol moieties (i. e. , 
higher than lOmg of sterol moieties per 1 ml of water) . It 
was also demonstrated that temperature does not have a 
significant effect oh the solubility of the phytosterol 
derivatives. 



Table 4 : 



Phytosterol 
Derivative 
Samples 


Degree of 
Substitution 




Maximum 
Concentration (wt% ) 


Temperature 
(°C) 


Basis of 
Phytosterol 
Derivatives 


Basis of 

Sterol 
Moieties 


1 


1.09 


35 


13.2 


2.8 


•RT* 


10.0 


2.2 


4 


10.0 


2.2 


2 . 


0.98 


35 


10.0 


2.0 


RT* 


10.0 


2.0 


4 


10.0 


2.0 


3 


0.92 


35 


20.0 


3.8 


RT* 


20.0 


3.8 


4 


20.0 


3.8 


4 


1.33 


35 


10.0 


2.6 


RT* 


10.0 


2.6 


4 


10.0 


2.6 



*: RT(room temperature) 



The amount of sterol moieties generally recommended 
for reducing serum cholesterol levels is about 2.7 grams 
per day ( see : Weststrate et al., Eur. J. Clin. Nutr., 
52:334-343, 1998; Johns et al.. Can. J. Physiol Pharmacol, 
15:211-221 r 1997; Vanhanen et al., Clin. Chim. Acta, 
205:97-107, 1992; Gylling et al., J. Lip. Res., 37:1776- 
1785, 1996; Gylling et al.. Circulation, 96:4226-4231, 
1997; Gylling et al., Diabetologia , 37:773-780, 1994; Denke, 
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M.A,, Am. J. Clin. Wutr., 61:392-396, 1995; and Vanhanen et 
al., Clin. Sci., 87:31-37, 1994). Since the solubility of 
Samples 4 in water at 4*^C was measured to be more than 10 
mg per 1ml of water based on the amount of sterol moieties, 
5 it would be possible to make a 306ml can of beverage 
containing 3.0g of sterol moieties with the phytosterol 
derivatives of the present invention. 



Example 5 : Preparation of. Phytosterol Derivative (III) by 
10 Coupling Intermediate Compound (I) to Monomethyl 

Ether-PEG 

Phytosterol derivatives (III) were prepared by using 
monomethyl ether-PEG (MME-PEG) , one end of which is blocked 

15 by a methyl ether group: 5g of MME-PEG .having a molecular 
weight of 2000, 0 . 68g of DCC and 0 . 07g of DMAP were 
dissolved in a small amount of methylene chloride at room 
temperature. 1.54g(1.2 times to the moles of MME-PEG) of 
the intermediate compound (I) obtained in Example 1-2 was 

20 pre-dissolved in methylene chloride and was then added in a 
dropwise at 30°C to the MME-PEG/DCC/DMAP mixture. After 12 
hours of stirring at 30°C, the mixture was filtered to 
remove dicyclohexylurea (DCU) . The filtrate was then 
precipitated in n-hexane, filtered and washed with n-hexane. 

25 Phytosterol derivatives (III ) were obtained by vacuum-drying 
the filtrate, whose chemical structure is schematically 
illustrated below: 



Phytosterol 



0 0 
II II 
- O-C-CHgCHg-C- 



O-CCHgCHg-On-CHa (III), 



30 



wherein, 

n is an integer ranging from 22 to 90. 
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^H-NMR spectrum of the phytosterol derivatives (III) 
demonstrated that all hydroxyl groups of MME-PEG were 
reacted with the intermediate compounds (I) and coupled with 
phytosterols. The degree of substitution of the 

5 phytosterol derivatives (III) is one, while the solubility 
was measured to be substantially identical to that of 
Sample 2, Table 4. 

Example' 6 : Preclinical Test, of Cholesterol-Lowering Effect 

10 

The effect of the phytosterol derivatives of Sample 4, 
Table 4 was studied in an animal test with P -sitosterol as 
a positive control. For this study, six-week-old SPF SD 
male rats were divided into. six groups and were housed in a 

15 room with a 12-hour light-dark cycle with free access to 
tap water and food for one week for acclimatization ( see : 
Table 5 below). After a week of acclimatization, the rats 
were not given any food or water from 9 AM to 4 PM and then 
' were administered at 4 PM with lOmg of cold cholesterol 

20 suspended in 0.5ml of corn oil and/or 0.025mg of ^"C- 
cholesterol in 0.08ml of ethanol for three days as 
indicated in Table 5. When being administered with 
cholesterol, each of the rats in Groups 3 and 4 was also 
administered with the amount of phytosterol derivatives 

25 equal to three and five, respectively, times the total 
amount of the administered cholesterol (^^: Table 5 below), 
while each of the rats in Groups 5 and 6 was administered 
with the amount of the phytosterol derivatives equivalent, 
in terms of sterol moiety, to three and five, respectively, 

30 times the total amount of the administered cholesterol (5^: 
Table 5) - The rats were not given any rations or water for 
the three hour period immediately following the 

cholesterol/p -sitosterol/phytosterol derivative 
administration. Subsequently, the rats were given free 
35 access to rations and water until 9 AM the next morning. 
On the third day of cholesterol administration, the rats 
were not fed overnight and then were sacrificed the next 
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morning. The rats were anaesthetized with diethylether, and 
6ml of blood were collected from their hearts and 
centrifuged at 2000xg for 20 minutes. To quantify the ^^C- 
cholesterol in the blood, a 1.5ml supernatant (plasma) was 
takeli and a 10 ml cocktail solution was added. Using a 
liquid scintillation counter, radioactivity was counted for 
two minutes for each Sample. All data specified in Table 6 
were represented as mean ± SD, and the statistical analysis 
of data was carried out .by the Student's t-test. The 
significance of a value was accepted when P was less than 
0.01. 



Table 5: 



Groups 


Background 


Negative 
Control 


Sitosterol 
(Positive 
Control) 


Phytosterol 
Derivatives of 
Sample 4, Table 4 


Group 1 


Group 2 


Group 3 


Group 4 


Group 5 


Group 6 


Amount of 
Cholesterol 

Administered 
in Rats by 

p. o. (per OS) 


lOmg of 

.cold 
cholesterol 
in 0.5ml 
corn oil 


0.025 mg of ^*C-cholesterol in 0.08 ml of ethanol 
& 10 mg of cold cholesterol in 0.5 ml of corn 

oil 


Sort of 
Samples 






P -sitosterol 


Phytosterol 
Derivatives 


Amount of 
Samples by 
p. o. (per OS) 






30 mg in 
1.0 ml 
of 

corn oil 


50 mg 
in 
1.67 ml 
of corn 
oil 


30* mg 

in 
1.2 ml 

of 

Distille 
d Water 


50* mg 

in 
2.0 ml 

of 

Distille 
d Water 


Numbers of 
Rats 


3 


6 


5 


.5 


6 


6 



*: the amount of P --sitosterol moieties 



The results of the study are summarized in Table 6 
below. As clearly demonstrated in Table 6, p - 

sitosterol (positive control) reduces cholesterol absorption 
by about 30%. The phytosterol derivatives of the present 
invention also reduced cholesterol absorption by about 30% 
and is hence believed to be as effective as p -sitosterol 
in inhibiting intestinal cholesterol absorption. 
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Table 6: 



Groups 


Cpm 


% of 

Inhibition 


Group 1 

(cold cholesterol) 


47. 3± 19.7 


Not 
Applicable 


Group 2 

(^^C- & cold cholesterol) 


74566. 4± 4121.7" 


Not 
Applicable 


Group 3 

(^^C- & cold cholesterol and 
3x p -sitosterol) 


51766. 9± 6602.4* 


31 


Group 4 

(^^C- St cold cholesterol and 
5x P -sitosterol) 


52086. 5± 2587,2* 


30 


Group 5 

(^^C- & cold cholesterol and 
3x phytosterol derivatives 
of Sample 4, Table 4) 


53848. 7± 8738.2* 


28 


Group 6 

(^*C- & cold cholesterol and 
5x phytosterol derivatives 
of Sample 4, Table 4) 


50019. 4± 8234.8* 


33 



a:. Values are shown as mean ± SD(.n=5 or 6) . 

denotes significant differences, p<0.01, compared with 



5 the negative control (Group 2). 



Although the preferred embodiments of the present 
10 invention have been disclosed for illustrative purpose, 
those who are skilled in the art will appreciate that 
various modifications, additions and substitutions are 
possible, without departing from the scope and spirit of 
the invention as disclosed in the accompanying claims. 



15 



wo 00/52029 PCT/KROO/00170 

2 0 

WHAT IS CLAIMED IS : 

1. A phytosterol derivative compound for inhibiting 
absorption of cholesterol in the body of an animal, which 
comprises: a phytosterol moiety; and", a hydrophilic polymer 
moiety coupled to said phytosterol moiety by a 
biodegradable bond so as to give a water-soluble compound. 

2. The compound of claim 1, wherein said 
biodegradable bond is a bond which can be hydrolyzed by an 
enzyme in the body of the animal, whereby said phytosterol 
moiety can be released from said hydrophilic polymer moiety 
when said water-soluble compound is administered to the 
body of the animal. 

3. The compound of claim 2, wherein said 
biodegradable bond is selected from the group consisting of 
an ester bond and an amide bond. 

4. The compound of claim 3, wherein said hydrophilic 
polymer moiety is a material selected from the group 
consisting of polyethylene glycol, xanthan gum, guar gum, 
sodium alginate, dextrin, oligosaccharide, chitosan and 
carboxymethylcellulose . 

5. The compound of claim 4, wherein said hydrophilic 
polymer moiety is polyethylene glycol having an average 
molecular weight ranging from 500 to 4,000. 

6. The compound of claim 5, wherein said average 
molecular weight of polyethylene glycol ranges from 1,000 
to 3,000. 

7. The compound of claim 6, wherein said average 
molecular weight of polyethylene glycol ranges from 1,000 
to 2,000. 
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8. The compound of claim 1, wherein said average 
molecular weight of polyethylene glycol is equal to 2,000. 

9. The compound of claim 8, wherein said phytosterol 
5 moiety is a material selected from the group consisting of 

stigmasterol, spinasterol, campesterol, sitosterol, 
sitostanol and campestanol. 

10. The compound of claim 9, wherein said phytosterol 
10 moiety is P -sitosterol. 

11. The compound of claim 5, wherein said phytosterol 
moiety is a material selected from the group consisting of 
stigmasterol, spinasterol, campesterol, sitosterol, 

15 sitostanol and campestanol. 

12. The compound of claim 11, wherein said 
phytosterol moiety is P -sitosterol. 

20 13. The compound of claim 5, wherein said 

polyethylene glycol is monomethyl ether-polyethylene glycol 
having an average molecular weight equal to 2,000. 

14. The compound of claim 1, wherein said hydrophilic 
25 polymer moiety is a material selected from the group 
consisting of polyethylene glycol, xanthan gum, guar gum, 
sodium alginate, dextrin, oligosaccharide, chitosan and 
carboxymethylcellulose . 

30 15. The compound of claim 14, wherein said 

hydrophilic polymer moiety is polyethylene glycol having an 
average molecular weight ranging from 500 to 4,000. 

16. The compound of claim 15, wherein said average 
35 molecular weight of polyethylene glycol ranges from 1,000 
to 3, 000, 
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17. The compound of claim 16, wherein said average 
molecular weight of polyethylene glycol ranges from 1;000 
to 2,000. 

18. The compound of claim 17", wherein said average 
molecular weight of polyethylene glycol is equal to 2,000. 

19. The compound of claim 18, wherein said 
phytosterol moiety is a material selected from the group 
consisting of stigmasterol, spinasterol, campesterol, 
sitosterol, sitostanol and campestanol. 

20. The compound of claim 19, wherein said 
phytosterol moiety is p -sitosterol. 

21. The compound of claim 1, wherein said water- 
soluble compound has the following formula: 



o 0 
n II 



Phytosterol - o - C - (0^2)^- C - 0 -( CHj CHj - 0 )j^R 



wherein, 

n is an integer ranging from 22 to 90; and, 
R is selected from the group consisting of -H, 
-CH3 and 

0 0 

il u 



-C- (CH2)n,-C"0 



Phytosterol 



(wherein, m is 2 or 3) . 

22. The compound of claim 1, wherein said water- 
soluble compound is soluble in water by at least one weight 
percent on the basis of phytosterol moiety at a temperature 
ranging from 4 to 35°C. 
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23. A phytosterol derivative compound which is 
represented as the following formula: 



0 

11 



0 

II 



Phytosterol [ - 0 -j: - (CH^)^^- C - 0 4 CH2 CHj - O 



10 



wherein. 



n is an integer ranging from 22 to 90; and, 
R is selected from the group consisting of -H, 



-CH, and 



0 
II 



0 

II 



-C - (CH2 - C - O - Ptytosterol 



(wherein, m is 2 or 3) 



15 



24. The compound of claim 23, wherein said 

phytosterol is selected from the group consisting of 

stigmasterol, spinasterol, campesterol, sitosterol, 
sitostanol and campestanol. 



20 



25 



25. The compound of claim 24, wherein said 
phytosterol is p-sitosterol . 

26. A process for preparing a phytosterol derivative 
compound for inhibiting cholesterol absorption in the body 
of an animal, which comprises a step of coupling 
phytosterol with a hydrophilic polymer by a biodegradable 
bond so as to give a water-soluble compound. 



30 



27. The process of claim 26, wherein said 
biodegradable bond is a bond which can be hydrolyzed by an 
enzyme in the body of the animal, whereby said phytosterol 
can be released from said hydrophilic polymer when said 
water-soluble compound is administered to the body of the 
animal . 
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28. The process of claim 27, wherein said 
biodegradable bond is selected from the group consisting of 
an ester bond and an amide bond. 

29. The process of claim 28, wherein said hydrophilic 
polymer is a material selected from the group consisting, of 
polyethylene glycol, xanthan gum, guar gum, sodium alginate, 
dextrin, oligosaccharide, chitosan and carboxymethyl- 
cellulose. 

30. The process of claim 29, wherein said hydrophilic 
polymer is polyethylene glycol having an average molecular 
weight ranging from 500 to 4,000. 

31. The process of claim 30, wherein said average 
molecular weight of polyethylene glycol ranges from 1,000 
to 3, 000. 

32. * The process of claim 31, wherein said average 
molecular weight of polyethylene glycol ranges from 1,000 
to 2,000. 

33. The process of claim 32, wherein said average 
molecular weight of polyethylene glycol is equal to 2,000. 

34. The process of claim 33, wherein said phytosterol 
is a material selected from the group consisting of 
stigmasterol, spinas terol, campesterol, sitosterol, 
sitostanol and campestanol. 

35. The process of claim 34, wherein said phytosterol 
is P -sitosterol. 

36. The process of claim 30, wherein said phytosterol 
is a material selected from the group consisting of 
stigmasterol , spinas terol, campesterol, sitosterol, 
sitostanol and campestanol. 
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37. The process of claim 36, wherein said phytosterol 
is P -sitosterol. 

38. The process of claim 30, wherein said 
polyethylene glycol is monomethyl ether-polyethylene glycol 
having an average molecular weight equal to 2,000. 

39. The process of .claim 26, wherein said water- 
soluble compound has the following formula: 



0 0 

II II 



Phytosterol ^ O - C - (CH2)n," C - 0 4 CH2 CHj - 0 )jjR 



wherein, 

n is an integer ranging from 22 to 90; and, 
R is selected from the group consisting of -H, 
-CH3 and 

0 ' 0 

II II 



- C - (CH2 - C - 0 - Phytosterol 



(wherein, m is 2 or 3) . 

40. The process of claim 26, wherein said coupling 
step comprises the steps of: reacting said phytosterol with 
a material selected from the group consisting of succinic 
anhydride and glutaric anhydride so as to obtain an 
intermediate compound; and, coupling said intermediate 
compound with said hydrbphilic polymer so as to give said 
water-soluble compound. 

41. The process of claim 40, wherein said phytosterol 
is reacted with said material in a nonpolar solvent in the 
presence of a basic catalyst. 



42. The process of claim 41, wherein said 
intermediate compound is reacted with said hydrophilic 
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polymer in a nonpolar solvent in the presence of a basic 
catalyst and a coupling agent, 

43. The process of claim 42, wherein said coupling 
agent is selected from the group consisting of 1,3- 
dicyclohexylcarbodiimide, 1-3-diisopropylcarbodiimide, 1- 
ethyl-3- (3 * -dimethylaminopropyl) -carbodiimide, oxalyl 
chloride, carbonyl diimidazole, 2-chloropyridium, 2,2'- 
dipyridyl disulfide and 2-imida2oyl disulfide. 

44. The process of claim 43, wherein said basic 
catalyst is selected from the group consisting of 4- 
dimethylaminopyridine, pyridine and tri-ethylamine . 

45. The process of claim 44, wherein said nonpolar 
solvent is selected from the group consisting of toluene, 
methylene chloride, dichloroethane, tetrahydrof uran, 
benzene and diethylether . 

46. The process of claim 45, wherein said step of 
reacting said phytosterol with said material is performed 
using a molar ratio between said phytosterol and said 
material ranging from 1:1.0 to 1:1.5. 

47. The process of claim 46, wherein said step of 
reacting said phytosterol with said material is performed 
for a time period ranging from 2 to 20 hours at a 
temperature ranging from 40 to 150''C. 

48. The process of claim 47, wherein said step of 
reacting intermediate compound with hydrophilic polymer is 
performed using a molar ratio between said intermediate 
compound and said hydrophilic polymer ranging from 1:1 to 
2:1. 

49. The process of claim 48, wherein said step of 
reacting intermediate compound with hydrophilic polymer is 
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performed at room temperature for a time period ranging 
from 5 to 15 hours. 

50. The process of claim 40, wherein said 
intermediate has 'the following formula: 



Phytosterol 



"0-C-(CH2)^COOH 



10 



wherein, 



m is 2 or 3, 



51. The process of claim 26, wherein said water- 
soluble compound has the following formula: 



15 



Phytosterol 



O O 
0 - C - (CH2)^- C - 0 4 CH2 - 0 f„R 



20 



wherein. 



n is an integer ranging from 22 to 90; and, 
R is selected from the group consisting of -H, 



-CH3 and 



0 
II 



0 

11 



-C - (CH2)j„-C-0- 



Phytosterol 



(wherein, - m is 2 or 3) 



25 



30 
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